The electric organ of Torpedo has been stimulated with 1800 pulses at 0.1 Hz to produce biochemical and morphological heterogeneity of its synaptic vesicle population. This was verified by biochemical and morphometric analyses of the synaptic vesicle population isolated by sucrose density gradient zonal separation following stimulation. Biochemical or metabolic heterogeneity was verified using 2 established criteria: the appearance of a second peak of acetylcholine (ACh) in denser fractions of the zonal gradient and a corresponding overlapping peak of incorporated radiolabelled ACh. Morphologic heterogeneity was deduced by the presence in this second peak of a subclass of synaptic vesicles having a mean diameter of 68 nm i.e., a diameter 20-25% smaller than the 90 nm subclass that represents the most prominent subclass of the intact terminal population. Despite having satisfied these 3 criteria, functionally relevant heterogeneity cannot be assumed. One reason is due to our failure to recover the 90 nm subclass of vesicle which provides the physical basis to explain the 2 ACh peaks along the gradient. Because of this, the point is raised whether the stimulation-induced ACh peak is not merely an artifact due to inadequate sampling. On the other hand, radioactive labelling of the ACh pool provides a more convincing demonstration of the existence of 2 metabolically different subclasses. We conclude that morphological heterogeneity of the ACh vesicle population has never been established and that metabolic heterogeneity, as it has been studied to date, pertains to a single-sized subclass population of vesicles measuring 68 nm in diameter.
INTRODUCTION
Over the years, a vesicle-mediated mechanism has been formulated to describe acetylcholine (ACh) transmitter release from the synaptic terminals of Torpedo electric organ 24. In brief, it states that stimulation directly induces the reserve synaptic vesicles to fuse with the presynaptic membrane thereby releasing their ACh. A recycling process recovers the fused vesicular membranes in the form of a dimensionally smaller (diameter reduction of 25%) vesicle subclass. This subclass so formed, refills and then can either enter into more cycles of release or enlarge back to its original size. It has come to be accepted 15 that the size of the reserve vesicles is 90 nm in diameter and that they contain approximately 2.5 x 105 molecules of ACh in the fully loaded state. This implies that the empty, recycling vesicles are in the neighborhood of 68 nm in diameter. From this, it is easy to appreciate that one of the great attractions of this system has been this promise of a functionally correlated biochemical and morphological heterogeneity.
Of late, however, some conflicting observations have been reported which, if substantiated, will necessitate a re-evaluation of this view [5] [6] [7] . One of these is the claim that the resting terminal vesicle population, rather than being composed of a single reserve size class 27'29 is actually comprised of multiple subclasses including the 2 believed involved in neurotransmission 5, 6 . This challenges the concept that vesicle size is a function of stimulation. Secondly, it has been questioned whether sucrose density separation and zonal centrifugation are capable of successfully isolating the 90 nm vesicle subclass 7. Using this standard method of isolation these investigators found the recovered ACh vesicles to belong to a single 68 nm subclass and could find no indication of the presence of a 90 nm subclass of vesicle.
Because of these problems, the present follow-up study was initiated. The intent was to examine the size distributions of isolated vesicles obtained following stimulation of the electric organ under conditions designed to promote morphological heterogeneity 29.
MATERIALS AND METHODS

Specimen preparation
One adult Torpedo marmorata was used in this study, obtained from the Institut de Biologie Marine, Arcachon, France. The animal was anaesthetized with 0.05% (w/v) ethyl m-aminobenzoate methansulfonate (MS-222) (Sigma) in sea water. One electric organ served as a control and was isolated from stimulation by severance of its 4 electromotor nerves. Stimulation of the other electric organ was by way of the appropriate electric lobe with 1800 pulses at 0.1 Hz.
The study consists of 3 experiments. Expt. l investigates the biochemical and morphological effects upon the isolated vesicle populations as a function of 1800 pulses of 0.1 Hz stimulation of whole electric organ. Expts. 2 and 3 represent extensions of this by including periods of 1 and 2 h of perfusion of isotopically labelled acetate 8'9. The perfusion periods, however, were performed on blocks of electric organ 3° that were dissected from the whole organ following stimulation. The perfusate was a sucrose-enriched Torpedo Ringer's which was pumped by closed circuit through the vascular system. The perfusate contained 1.5 ,uCi/ml of [3H]acetate (100 mCi/mmol) (New England Nuclear, Dreieich, ER.G.) which, upon conversion to [3H]ACh, served as a marker for incorporated, vesicular ACh. Determination of radioactivity was conducted as described by Giompres ~'9.
The anaesthetized animal was killed by spinal section after stimulation. Blocks (50 g) of electric organ were either stored immediately in liquid nitrogen (Expt. 1) or prepared for perfusion (as above) and then storage (Expts. 2 and 3).
lso-osmotic fractionation and gradient preparation
Vesicles were isolated from extracts of frozen electric organ 3'22, using a continuous (0.2-0.85 M sucrose), iso-osmotic (approx. 850 mosmol) sucrose-NaC1 gradient having a 1.45 M sucrose cushion. Approximately 50 g of frozen electric organ was crushed to a fine powder and the vesicles, soluble protein and small membrane fragments extracted at 4 °C in 0.4 M NaCI containing 10 mM Tris-HCl buffer and 1 mM EGTA at pH 7.0. The suspension was passed through 4 layers of cheesecloth and the filtrate centrifuged for 30 rain at 12,000 g (10,500 rpm) on a Sorvall SS 34 rotor. The supernatant ($12) was then layered on a sucrose density gradient and centrifuged in a zonal rotor (Beckman Ti 60) for 3 h at 130,000 g (avg. 50,000 rpm). The ACh contained in the $12 fraction represents total bound ACh 19. Samples from each gradient fraction were collected for ACh and refractive indices determinations. The ACh was extracted from each sample by reducing the pH to 3.5-4.0 with HCI and freezing. The ACh was then assayed using the leech bioassay system 3'22. Discontinuities in the curves of the ACh distributions were used as the basis for indicating the locations of the vesicle subpopulations 25m, though all fractions contained within what came to be defined as the 'vesicle' gradient (see Results) were analyzed.
Morphological preparation of zonal gradient fractions
Samples from all gradient fractions representing the vesicularcontaining region of the gradient were collected for morphological analysis. One ml of fraction was prepared by addition of an equal volume of fixative to produce a final concentration of 2% glutaraldehyde + 0.3 M sodium cacodylate buffered at pH 7.2. These were stored in fixative at 4 °C for periods of weeks with no detectable deleterious effects 7. Following primary fixation, 4% osmium tetroxide in 0.3 M sodium cacodylate was added to produce a 1% working solution. This was allowed to fix for an additional 1 h at 4 °C. The samples were then layered on 0.45/~m Miilipore filters over a circular area of 5 mm diameter using a vacuum. Each was then overlaid with a 1-3% solution of warm agar, also with the aim of a vacuum. Samples were bisected, dehydrated in ethanol and embedded in Epon 812 using propylene oxide as a transferral agent.
Morphometric analysis
To estimate the volume of each zonal sample, a 1-pm section of the 5-mm embedded pellicle was cut and stained with Toluidine blue. The pellicle was oriented so that its thickness could be measured. An ocular micrometer at 400 × magnification was used to make 10 measurements along this length, with the mean then used to calculate the peUicle volume.
Vesicle distributions were obtained by first cutting thin sections at a light gold interference color (estimated at 118 nm), mounting them unsupported on 150 mesh grids and counterstaining with uranyl acetate and lead citrate. Five to 10 micrographs were taken along the thickness of the sample at an uncorrected 24,000 × magnification. To approximate a systematic sampling routine, the region chosen for photography was located near successive grid wires. The sample positioning was done at low magnification (3,000 ×) to minimize bias. Photographic prints were made at 3 × magnification with a 15 × 15 cm reading area outlined in the center. A Zeiss particle analyzer was used to count and size all vesicle profiles located therein. To be counted the vesicle had to be circular to ovoid, membrane bound and have a lucent interior. The electron microscope was calibrated with a cross-grating replica (2160 lines/ mm), the photographic enlarger with a linear rule and the particle analyzer with millimeter graph paper. From these data, size distribution curves were constructed and statistics computed. The formula: N v = NJ(D + 021, where Nv = number/unit volume. N a = number/unit area. D = mean particle diameter and t --section thickness, was used throughout for density computations. It is of interest to note that a density of 10 s vesicles/ml of sample fraction is the limit of ACh detection by the bioassay method employed.
Presentation of data
The 6 zonal gradients analyzed in this study were aligned upon the fractions having a refractive index (RI) = 1.3600. All histogram data were smoothed using a 3 point moving average. ACh values in Table  I are expressed as nmol/g wet weight of tissue, whereas those in Fig.  1 as nmol/ml of zonal fraction. For more information pertaining to control distributions, the reader is referred to FOX 6"7.
RESULTS
Biochemistry
Analysis of control distributions and identification of vesicular heterogeneity
One thousand eight hundred pulses of 0.1 Hz stimulation has the general effect of fatiguing the organ's ability to produce evoked discharges, reducing them by up to 90% 3°. It also produces a marked reduction in the levels of bound ACh 27'3°. When the amounts of bound ACh obtained from each zonal fraction are plotted as a histogram distribution, a second peak often appears in the denser fractions of the gradient. If radiolabelled acetate is peffused through electric organ preparations following stimulation, in order to localize the gradient position of newly synthesized ACh, an overlap with this denser peak of ACh often occurs 19'20'31. Together, these observations have come to be accepted as the basis upon which metabolic heterogeneity is judged. This second ACh peak has been termed 'VP 2' and is defined as being representative of a subpopulation of actively recycling, refilling vesicles 31. This is in contrast to the ACh mode, termed 'VP 1' which represents the fully loaded reserve population. A prerequisite of this study, therefore, was first to verify that the stimulation conditions produced these 2 biochemical criteria of vesicle heterogeneity. the ACh amounts from each zonal fraction produces a normal curve for control and a flattened, bimodal curve for the stimulated preparation ( Fig. 1) . The mode fraction 30 of the control curve contains 9.4 nmol ACh/g ( Table I ). The ACh distribution of the stimulated preparation has peaks at fractions 29 (2.0 nmol ACh/g) and 35 (1.3 nmol ACh/g) ( Fig. 1 , Table I ). Fraction 30 is the mean for both curves (Table I , mean fraction number). The 2 curves extend long tails into the less dense regions of the gradient (to fraction 6 in this experiment). Electron microscopy has revealed that fractions up to about number 15 are essentially devoid of organelles, supporting the contention that this ACh is derived from the soluble, cytoplasmic pool 1,22. On the other hand, no esterase inhibitors were employed in this study, which argues for it being of the bound form 19.
Similar ACh results were obtained from Expt. 2 which consisted of identical stimulation conditions plus 1 h of perfusion. The control value for total, bound ACh was 62 nmol ACh/g which then fell to 24 nmol ACh/g after stimulation and perfusion (Table I ). The ACh distributes along the zonal gradient similar to that seen in Expt. 1 ( Fig. 1) . Control values describe a normal curve having a mode at fraction 29 (9.1 nmol ACh/g). The distribution of the stimulated condition is also flattened and bimodal with peaks at fractions 26 and 27 (2.0 nmol ACh/g) and 32 (1..9 nmol ACh/g). No significant difference between the fraction means of the control and stimulated curves was present (Table I) .
A bimodal distribution of radiolabeUed ACh having a major mode at fraction 29 and a minor mode at fraction 37 was obtained from the control of this experiment ( The stimulation condition has a distribution with a single VP 2 mode at fraction 33. Summation of these data from the 3 experiments produces 2 overlapping normal curves. This illustrates that the discreteness of the VP 2 discontinuity is heavily influenced by variations in frequencies.
2A). In contrast, stimulation produced a mirror image of this distribution by having its major mode in the denser fraction 34 and its minor mode in the lighter fraction 28 ( Fig. 2A) . Both curves show their highest levels of radioactivity in the lightest fractions. Expt. 3, which was stimulated, then perfused for 2 h, shows total, bound A C h to have declined from 56 to 23 nmol ACh/g (Table I ). The control curve remains normal with its mode at fraction 28 (8.1 nmol ACh/g), whereas the stimulation curve is negatively skewed, having but a single mode at fraction 33 (1.6 nmol ACh/g) (Fig. 1) .
Distribution of bound [3H]ACh in the control is also bimodal with modes at fractions 29 and 34 (Fig. 2B) . The stimulated preparation produced a distribution having a single mode at fraction 33 (Fig. 2B) . Again both curves show high levels of radioactivity in the lightest fractions of the gradient.
Based on these data above, we conclude that the secondary peaks of A C h appearing in the denser fractions of the gradients from the stimulated preparations, together with the overlapping modes of bound [3H]ACh, satisfy the criteria defining metabolic heterogeneity 1' 8, 9, 19, 29 Therefore, for purposes of further analysis we define the overall vesicular region of each ACh gradient (termed Vesicle) as being represented by fractions 20-40. Of the 6 gradients represented, a mean refractive index (RI) of 1.3593 + 0.0009 was determined over a range of 1.3490-1.3792, equivalent to a sucrose density range of 0.6 M at iso-osmolarity. The VP, vesicle-containing region of each gradient is given by fractions 28-30 with a mean RI = 1.3569 + 0.0005 and an equivalent sucrose density of 0.39 M. Fractions 32-36 represent the V P 2 region of the gradient with a mean RI of 1.3615 + 0.0006, and an equivalent sucrose density of 0.55 M sucrose (for comparisons see Agoston I and Whittaker26). FRtCtCT l"Obl HUMBER curve having good registration with the controls (Fig. 1) . This suggests that the multiple ACh peaks may be due to sampling error rather than to a functionally induced event. In a similar fashion, the summing of the [3H]ACh frequencies (Expts. 2 and 3) produces the distribution curves seen in Fig. 2C . The control curve is now positively skewed retaining only a slight suggestion of the bimodal character of the individual curves. The stimulated distribution completely subsumes the control data, suggesting both curves to be representative of the same population. Its mode at fraction 33 indicates it to be localized within the VP 2 region of the gradient.
Effect of stimulation on the Vesicle, VP 1 and VP2 fractions
Specific radioactivity computations
Computations of specific radioactivities (SRA) (dpm of [3H]ACh/nmol ACh/g) were performed to evaluate the uptake potential of the 3 vesicle groups ( Table I ). The VP 2 ratios, as anticipated, consistently exceeded their corresponding VP 1 ratios by up to 4 times, but did so equally for controls and stimulated preparations, indicating them to be independent of stimulation (Table I) . Additionally, these distributions co-localized poorly with any vesicle-containing groups within the ACh gradient (Fig. 2D,E) . In Expt. 2, both control and stimulated SRA curves were U-shaped with the denser SRA peaks developing in gradient fractions beyond those representing the VP e vesicles (Fig. 2D) . In Expt. 3, the 2 curves were highly skewed into the denser fractions with uniformly low ratios across most of the entirety of the Vesicle portion of both gradients (Fig. 2E) , and this despite the existence of a distinct peak of [3H]ACh in the VP 2 region (Fig. 2B) . The largest ratios came from the lighter, soluble fractions of all gradients. These curves indicate that the vesicles within the defined Vesicle region of the gradient are not actively involved in the uptake of isotopically labelled ACh.
To briefly summarize, stimulation without or with accompanying perfusion produced similar overall declines in total, bound ACh. Distributions of bound ACh across the Vesicle fractions of the gradients from stimulated preparations showed the formation of additional peaks. Because these peaks remained within the confines of their control curves, their appearance is due to declining levels of ACh. Incorporation of [3H]ACh occurred in the VP2 region of the gradient but SRA computations failed to verify any preferential ACh uptake by these vesicles.
Morphological distributions Qualitative observations
A morphometric analysis of vesicles was conducted on the Vesicle fractions of the 6 ACh gradients examined.
Qualitatively, the modal ACh fractions were clearly the purest in vesicular content with the amount of membranous and particulate contamination increasing in either direction (Fig. 3) .
Quantitative observations
Vesicle size. Mean vesicle diameters between 63 and 73 nm were obtained for the fractions measured from the control gradient of Expt. 1 (Fig. 4) . The Vesicle group measured 67 + 3.2 nm, VPls, 67 + 1.7 nm and VP2s, 68 + 2.4 nm (Table II) . Stimulation produced a U-shaped distribution consisting of a central region of 60-70 nm vesicles bounded on either side by increasingly larger vesicles reaching 80+ nm in diameter (Fig. 4) . The Vesicle group had a mean of 70 + 7.1 nm, the VPls 64 _+ 1.6 nm and the VP2s 64 + 5.2 nm (Table II) . Combining and normalizing all mean fraction sizes resulted in 2 coincident, normal distributions with modes of 68 nm (Fig. 4) . There was no indication of the presence of a subclass of 90 nm vesicles, though low frequencies of 90 nm vesicles were, of course, recorded (Fig. 4) . Control vesicle diameters from Expt. 2 ranged between 57 and 68 nm with means between 60 and 63 nm established for the 3 groups (Fig. 4, Table II ). Stimulation produced vesicle diameters having a range of 62-78 nm with VP 1 and VP2 means of 65 and 68 nm (Fig. 4 , Table  II ). The combined, normalized distributions of these 2 preparations also gave coincident, normal curves, similar to that found for Expt. 1, with modes at 65 nm (Fig. 4) .
Expt. 3 reiterates these results. The control gradient contained vesicles of 61-77 nm with VP1 and VP 2 means of 64-69 nm (Fig. 4, Table II ). Stimulation produced vesicle diameters ranging from 65 to 82 nm with slightly larger VPt and VP 2 mean diameters of 72-78 nm (Fig. 4 , Table II ). A slight tendency towards larger diameters in the direction of increasing gradient densities was present (Fig. 4) . The combined, normalized curves of this experiment again show coincidence between both normal distributions with modes at 70 nm (Fig. 4) .
To summarize, no significant differences in size were found between control and stimulated vesicles (66 and 70 nm, respectively) (Table II) , nor was there any indication that the vesicles located in the VP 1 and VP2 fractions of any of the gradients belonged to different size classes. Furthermore, no 90 nm subclass was found. Morphological heterogeneity, therefore, could not be substantiated despite the presence of the size class that heretofore defined its presence. A linear correlation between vesicle size and gradient density produced a coefficient of 0.6, counter to earlier indications that the heavier VP 2 vesicles were dimensionally smaller 3~. Together, these data show that the vesicles located throughout the Vesicle range of the ACh gradient and including those contained in fractions designated as VP 1 and VP2, belong to a single 68 nm subclass. Vesicle number. Stimulation produced declines in the estimated total mean number of vesicles/ml of fraction with VP1 vesicles the most heavily effected (Table II) . In no case were the VP 2 vesicle numbers from stimulated preparations found to exceed those of controls, thus ruling out concomitant recycling. Normalization of these data shows that stimulation reduced the number of VP 1 vesicles/ fraction by a significant 24% (P < 0.05; Student's t-test), from 8.3 to 6.3% of total ACh vesicles, whereas VP2 vesicles/fraction increased non-significantly by 11.5%, from 5.2 to 5.8% (Table II A Ch content per vesicle. With the above data, ACh content/vesicle was computed (Table I) . The values for the stimulated half of Expt. 1 were exceptionally high, due apparently to somewhat low vesicle numbers (Table  II) . They have been left out of the following considerations which are based on the other 5 gradients. For the 3 control experiments, molarities averaging 1.6 + 1.2 were obtained for a vesicle having a 68 nm o.d. and a 6 nm plasma m e m b r a n e 7. This amounts to 1.3 × 105 molecules of ACh/vesicle. The differences between VP1 and VP 2 molarities were significant for control but not stimulated vesicles.
It should be noted that the curves upon which these values are derived are dissimilar. A C h curves are normal in form whereas vesicle number curves are positively skewed. These latter curves additionally have an inherent tendency towards increasing vesicular heterogeneity in both directions away from the mode. As our counts include all vesicle profiles (as defined in Materials and Methods), they become increasingly biased towards (Table II) . Mean values, whether from control or stimulated preparations or from Vesicle, VP 1 and VP 2 gradient fractions, showed timedependent uptake from 10 -8 to 10 -7 dpm/vesicle over the 1 h difference in perfusion times, equivalent to 1 labelled ACh molecule/107-106 vesicles or 4000 presynaptic terminals (based on data from Kriebe111). This amounts to 102-103 molecules/labelled vesicle (Molecular uptake, Table II ). Vesicles in the VP 1 region showed a doubling of uptake by the second hour of perfusion, whereas those in the VP 2 fractions increased by a factor of 4.
DISCUSSION
The intent of this study has been to reconfirm the claim that morphological heterogeneity can be functionally induced within the ACh vesicle population of Torpedo electric organ. Indication of this possibility was first demonstrated by Zimmermann and Whittaker 27 when they showed that in situ stimulation caused a shift in the size mode of the terminal vesicle population from 75 to 55 nm. As this was accompanied by a substantial drop in ACh and ATP, these 2 sizes were suspected of representing 2 metabolic states of vesicle, namely reserve and recycling. The initial attempts to examine this suspected biochemical heterogeneity using sucrose density separation and zonal centrifugation proved to be unsuccessful 27, prompting a change in approach to one using blocks of electric organ in place of the intact, whole electric organs; a method which also proved to be better suited for the introduction of putative vesicular markers 3°,31. This approach showed that it was now possible to obtain multiple peaks of ACh and ATE which appeared to correlate with the 2 vesicle size classes 31. Part of this argument rested on the demonstration that vesicles could be loaded with dextran and that most of them so labelled were of the smaller size 3°. From this, it came to be accepted that the 2 peaks of ACh (VP~ and VP2) corresponded to the large and small vesicle size classes respectively, thus indicating both a functionally induced metabolic and morphologic heterogeneity. The vesicles within the VP~ peak fraction represented the filled vesicle at rest and measured 90 nm in diameter. The VP 2 vesicles were partially filled and in a recycling state and were 25% smaller (i.e. approximately 68 nm). Further support for this interpretation was provided by the demonstration that the more dense, stimulation-induced VP 2 peak coincided with a peak of incorporated [3H]ACh31. This has been regarded as showing that the vesicles contained in these heavier fractions are more dynamically involved in the uptake process because SRA ratios were shown to greatly exceed those obtained for VPls 31. This series of observations, showing a stimulation-induced 20-25% difference in vesicle size, 2 density peaks of ACh, and an overlapping peak of incorporated [3H]ACh with the denser VP 2 peak, form the basis by which morphologic and metabolic heterogeneity have been judged in this system to date.
In this study we stimulated the whole organ with 1800 pulses at 0.1 Hz and then in 2 experiments followed that with in block perfusion of [3H]acetate for 1 and 2 h, a further modification that has also been found to produce the desired heterogeneity ~. We have satisfied ourselves that the criteria defining metabolic heterogeneity have been met, namely that a second peak of ACh in denser regions of the gradient has been generated and that it coincides with a peak of incorporated [3H]ACh. On the other hand, morphologic heterogeneity, although inferred by the presence of 68 nm vesicles within these denser fractions, was not demonstrated because of our failure to locate the 90 nm subclass.
The significant finding of this study, therefore, has been to show that the vesicles contained within all the ACh fractions, including those specifically identified as representing VP 1 and VP z populations, are from a single size class having a mean diameter of 68 nm, and this regardless of the experimental condition 2"73°. The causes for the failure to isolate the 90 nm subclass remain unknown though shrinkage due to osmotic effects from any or all of the preparative steps has been ruled out 7. Freezing damage has also been suggested 7, but has yet to be demonstrated. The 90 nm subclass is present in synaptosome preparations and has been partially recovered, using another gradient system 7. As our numerical calculations show substantial losses of vesicles occurring following stimulation, it would appear that the 90 nm subclass is being selectively eliminated by this method of isolation 7.
This failure redirects one's attention to how the concept of a 90 nm subclass came into being prior to Fox's 1988 morphometric demonstration 6. Mean values of vesicle distributions from intact terminal populations have been variously reported to lie somewhere between 60 and 90 nm 13"t4'27. Isolated, negatively stained vesicles have been measured at 122 nm 16 and 81 nm 17. In the study where isolated vesicle distributions from both control and stimulated preparations were first reported 3~, VP 1 vesicles were only 'approximated' at 90 nm and no dimension was given for the VP2s from the denser gradient fractions, despite the inclusion of supportive histograms. Thereafter, 90 nm became the generally accepted VP 1 dimension 9,15, despite the necessity of now having to incorporate an inappropriate correction factor to achieve this figure 15. Taking into account that many of these studies failed to correct for measurement error (e.g. reader and magnification) still does not allow one to conclude that a single size class of 90 nm vesicles exists, let alone that it has been successfully recovered in isolated form by the methods described 7.
But having said this, one is then further obliged to re-examine the concept of metabolic heterogeneity, as it was formulated, in part, to explain the size differences that were first observed in the in situ vesicle distributions 27 '28 . By failing to demonstrate size differences in the isolated ACh population, the physical basis upon which metabolic heterogeneity has heretofore depended is lost 19 and we are faced with the problem of accounting for the migration of a presumed partially filled vesicle of unitary dimension into the denser gradient fractions. As noted above, stimulation-induced metabolic heterogeneity is, in part, defined by the presence of the VP 2 ACh peak in the denser fractions of the gradient. In our distributions, this peak appears as a result of falling levels of ACh. This poses the question of whether the amount of ACh recovered/fraction is of a statistically representative size; the analogy being that of throwing a pair of dice a sufficient number of times to get a classic Gaussian distribution. We have found that considerable variability can be expected with regards to both the appearance of the VP 2 peak (e.g. Fig. 2B29; Fig. 319; Fig. 19 ) and its spatial resolution 1'23. One means of examining the significance of this peak was to sum the fraction frequencies from the 3 distribitions (Fig. 1) . This resulted in the loss of the VP 2 peak into a normal curve indistinguishable from the control. Although variance between fractions might well account for this, alignment of the data was near-optimal at fraction 33 (RI =1.3600), the beginning of the designated VP 2 gradient. From this we are led to conclude that the variations seen in these ACh distributions have little functional significance.
Metabolic heterogeneity has also been argued from considerations pertaining to the incorporation of isotopically labelled ACh and the SRA ratios that can be derived therefrom 12'19'3°. We obtained [3H]ACh curves which we regard as being both qualitatively and quantitatively typical to those reported earlier 19'31, and, in general, found that the VP 1 and VPz modes of these curves correlated well with those of the ACh distributions. The summed frequencies of these distributions, however, gave persuasive indication that [3H]ACh was localized over the VP 2 region of the gradient 9. This can be interpreted to mean that the individual control distributions, despite showing [3H]ACh modes in the VP 1 region, might properly be regarded as belonging solely to the VP 2 region of the gradient. This would resolve the paradox of how the presumably completely filled VP 1 vesicle can seemingly be able to still incorporate ACh.
On the other hand, the SRA ratios computed from these data showed surprisingly poor registration with any vesicle-containing fractions and, most notably, the VP 2 fractions. Thus, no vesicle fraction showed a reproducible active uptake of labelled ACh. We regard this as indication that the variance in this method of analysis exceeds the resolution required of it. The reader is left to decide which of these 2 closely related approaches holds the most significance. We should also mention as a final point that we could not find any indication of a third subclass of vesicle, termed the VP0s, which has been identified in gradient fractions lighter than the VP1 s18.
Our data indicate that ACh vesicles belong to a single size class measuring 68 nm in diameter. Along with ACh levels, they can be substantially depleted by long-term, low-frequency stimulation. The variations in distributions of ACh that occur as a result of this treatment are not considered to be indicative of metabolic processes within this population of vesicles. An indication of metabolic heterogeneity was found by radiolabelling the ACh pool, but this was lost from subsequent SRA computations. The dominant in vivo subclass of 90 nm vesicles remains unaccounted for.
